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 本文首先介绍了两种信号合成理论，并介绍了 I/Q 调制理论和常用的调制制
式原理；接着分析了浅海水声信道的特性，介绍了常用的水声信道建模理论，在
此基础上建立当前比较热门的两种浅海水声信道模型。物理建模包括了基于传统
射线理论的 N 径确定性模型和基于高斯波束理论的 BELLHOP 模型；统计建模包
括莱斯衰落信道模型和瑞利衰落信道模型。 

























The 21st century is the century of the ocean, with the development of 
science and technology, the research in communication systems has been 
extending from land and air to the ocean. Underwater acoustic 
communication has become one of the hot topics in the research of 
communications technology in recent years, simultaneously, because of the 
particularity of the underwater acoustic channel, which is an extremely 
complex time-space-frequency varying multipath channel, and the ocean is 
not in every place, the research of underwater acoustic communication is 
progressing at a quite slow pace. The development of computer simulation 
technology and the emergence of virtual instruments, give the research of 
underwater acoustic communication a new direction. 
In order to speed up the progress of the research of underwater acoustic 
communication, this paper uses the virtual instrument technology to design a 
programmable signal generator, which is suitable for underwater acoustic 
communication, based on computer and acquisition card. The signal 
generator puts the basis function signal generator, modulation signal 
generator and degradation signal generator together. The basis function 
signal generator is used to generate analog signal or digital signal, which can 
be used as the source of a communication system. The modulation signal 
generator is used to generate the modulated signal of the custom modulation 
method. The degradation signal generator is based on the theory of 
underwater channel simulation, which is used to simulate the received signal 
in communication. 
This paper first introduces the two kinds of signal synthesis theory, and 
then introduces the I/Q modulation theory and the principles of some 















communication. And the next the paper analyzes the characteristics of the 
SWA channel, and then describes some common underwater acoustic 
channel modeling theory, then built two popular SWA channel model. The 
physical modeling includes the N-path deterministic model based on the 
traditional ray theory and BELLHOP model based on Gaussian beam theory. 
The statistical modeling includes the Rice fading channel model and the 
Rayleigh fading channel model. 
Finally, the paper uses the LabVIEW as the main development platform, 
the NI acquisition card as interface device and the oscilloscope and other 
experimental tools to achieve the design of the programmable signal 
generator. The paper verifies the independence of every sub-module of the 
signal generator and the programmability and correctness of the total signal 
generator through group experiments. 
The paper features: the physical instrument and virtual instrument is 
combined, and making full use of the advantages of virtual instrument, 
which are programmable, expandable and low-cost, only need to add an 
acquisition card to output the signal, to speed up the research progress in 
underwater acoustic communication. 
 


















第一章 绪论 ............................................................................................. 1 
1.1 研究背景及意义 ............................................ 1 
1.2 水声通信发展现状 .......................................... 2 
1.3 国内外研究现状 ............................................ 4 
1.4 论文内容与结构 ............................................ 5 
第二章 系统的总体设计 ......................................................................... 7 
2.1 系统设计 .................................................. 7 
2.1.1 基础函数信号发生器........................................................................ 7 
2.1.2 调制信号发生器................................................................................ 8 
2.1.3 劣化信号发生器................................................................................ 9 
2.1.4 辅助模块.......................................................................................... 10 
2.2 系统开发平台 ............................................. 10 
2.2.1 LabVIEW 与虚拟仪器 ...................................................................... 10 
2.2.2 NI USB-6259 采集卡 ........................................................................ 12 
2.3 本章小结 ................................................. 13 
第三章 信号合成理论研究 ................................................................... 15 
3.1 CORDIC 算法 ............................................... 15 
3.1.1 CORDIC 算法的基本原理 ................................................................ 15 
3.1.2 基于 CORDIC 算法生成正弦波 ....................................................... 17 
3.2 DDS 技术 .................................................. 18 
3.2.1 DDS 系统原理 .................................................................................. 18 
3.2.2 DDS 合成信号 .................................................................................. 19 
3.3 本章小结 ................................................. 20 
第四章 调制技术理论研究 ................................................................... 21 
4.1 I/Q 调制理论 .............................................. 21 















4.2.1 模拟调制.......................................................................................... 24 
4.2.2 数字调制.......................................................................................... 28 
4.2.3 线性调频.......................................................................................... 38 
4.3 本章小结 ................................................. 39 
第五章 浅海水声信道建模理论研究 ................................................... 41 
5.1 浅海水声信道的特性 ....................................... 41 
5.1.1 海洋声学特性.................................................................................. 41 
5.1.2 浅海声传播损失.............................................................................. 42 
5.1.3 海洋环境噪声.................................................................................. 44 
5.1.4 浅海水声信道的多途特性.............................................................. 45 
5.1.5 浅海水声信道的多普勒频移.......................................................... 46 
5.2 水声信道建模理论 ......................................... 47 
5.2.1 射线理论.......................................................................................... 48 
5.2.2 高斯波束跟踪法.............................................................................. 49 
5.3 浅海水声信道建模 ......................................... 50 
5.3.1 物理建模.......................................................................................... 51 
5.3.2 统计建模.......................................................................................... 62 
5.4 本章小结 ................................................. 63 
第六章 可编程水声信号发生器的实现 ............................................... 65 
6.1 整体系统实现 ............................................. 65 
6.2 基础函数信号发生器 ....................................... 67 
6.2.1 PC 机生成 ........................................................................................ 67 
6.2.2 文件导入.......................................................................................... 68 
6.2.3 NI 采集 ............................................................................................. 70 
6.3 调制信号发生器 ........................................... 71 
6.3.1 模拟调制.......................................................................................... 71 
6.3.2 数字调制.......................................................................................... 72 
6.3.3 同步模块.......................................................................................... 73 














6.4.1 N 径确定性模型 .............................................................................. 75 
6.4.2 BELLHOP 模型 .................................................................................. 76 
6.5 整体运行结果 ............................................. 77 
6.5.1 模拟信号经过信道.......................................................................... 77 
6.5.2 模拟调制信号经过信道.................................................................. 79 
6.5.3 数字调制信号经过信道.................................................................. 80 
第七章 总结与展望 ............................................................................... 83 
7.1 论文工作总结 ............................................. 83 
7.2 展望 ..................................................... 83 
参考文献 .................................................................................................. 85 





























Chapter 1 Preface ...................................................................................... 1 
1.1 Background and Significance .................................................................... 1 
1.2 UAC Research Development ..................................................................... 2 
1.3 Current Research Situation  ..................................................................... 4 
1.4 Main Content .............................................................................................. 5 
Chapter 2 The Overall Design ................................................................. 7 
2.1 System Design ............................................................................................. 7 
2.1.1 Basic Function Signal Generator ....................................................... 7 
2.1.2 Modulation Signal Generator ............................................................. 8 
2.1.3 Degradation Signal Generator ............................................................ 9 
2.1.4 Auxiliary Module ............................................................................. 10 
2.2 System Development Platform ................................................................ 10 
2.2.1 LabVIEW and Virtual Instrument .................................................... 10 
2.2.2 NI USB-6259 Acquistion Card ........................................................ 12 
2.3 Chapter Summary .................................................................................... 13 
Chapter 3 Signal Synthesis Theory ....................................................... 15 
3.1 CORDIC Algorithm ................................................................................. 15 
3.1.1 Basic Principles of CORDIC Algorithm .......................................... 15 
3.1.2 Sine Wave Generation Based on CORDIC Algorithm .................... 17 
3.2 DDS Technology ....................................................................................... 18 
3.2.1 Principles of DDS System ................................................................ 18 
3.2.2 Signal Aynthesis Dased on DDS Technology .................................. 19 
3.3 Chapter Summary .................................................................................... 20 
Chapter 4 Modulation Technique Theory ............................................ 21 
4.1 I/Q Modulation Theory ............................................................................ 21 















4.2.1 Analog Modulation .......................................................................... 24 
4.2.2 Digial Modulation ............................................................................ 28 
4.2.3 LFM ................................................................................................. 38 
4.3 Chapter Summary .................................................................................... 39 
Chapter 5 SWA Channel Modeling Theory .......................................... 41 
5.1 Characteristics of SWA Channel ............................................................. 41 
5.1.1 Ocean Acoustics Characteristic ....................................................... 41 
5.1.2 Transmissiom Attenuation in the Shallow Water ............................ 42 
5.1.3 Marine Environmental Noise ........................................................... 44 
5.1.4 Multi-path Characteristics of SWA Channel  .................................. 45 
5.1.5 Doppler Shift of SWA Channel ........................................................ 46 
5.2 UWC Modeling Theory ............................................................................ 47 
5.2.1 Ray Theory....................................................................................... 48 
5.2.2 Gaussian Beam Tracking Method .................................................... 49 
5.3 SWA Channel Modeling ........................................................................... 50 
5.3.1 Physical Modeling ........................................................................... 51 
5.3.2 Statistical Modeling ......................................................................... 62 
5.4 Chapter Summary .................................................................................... 63 
Chapter 6 Programmble Underwater Signal Generator .................... 65 
6.1 Total System .............................................................................................. 65 
6.2 Basic Function Signal Generator ............................................................ 67 
6.2.1 Generate by PC Mechine ................................................................. 67 
6.2.2 File Import  ..................................................................................... 68 
6.2.3 Acquisiton by NI USB-6259 ............................................................ 70 
6.3 Modulation Signal Generator .................................................................. 71 
6.3.1 Analog Modulation .......................................................................... 71 
6.3.2 Digital Modulation ........................................................................... 72 
6.3.3 Synchronization Module .................................................................. 73 














6.4.1 N-path Deterministic Model ............................................................ 75 
6.4.2 BELLHOP Model ............................................................................ 76 
6.5 Overall Operating Results ....................................................................... 77 
6.5.1 Analog Signal Through the Channel ................................................ 77 
6.5.2 Analog Modulated Signal Through the Channel ............................. 79 
6.5.3 Digital Modulated Signal Through the Channel .............................. 80 
Chapter 7 Summary and Prospect ........................................................ 83 
7.1 Summary ................................................................................................... 83 
7.2 Prospects .................................................................................................... 83 
References ................................................................................................ 85  
























































































等参数如表 1-1，表 1-2 所示： 
 




































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
